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EDITORIAL Open Access
Special issue on animal and insect behaviour
understanding in image sequences
Concetto Spampinato1*, Giovanni Maria Farinella2, Bas Boom3, Vasileios Mezaris4, Margrit Betke5
and Robert B Fisher3
Imaging systems are, nowadays, used increasingly in a
range of ecological monitoring applications, in particu-
lar for biological, fishery, geological and physical surveys.
These technologies have improved radically the ability
to capture high-resolution images in challenging envi-
ronments and consequently to manage effectively natu-
ral resources. Unfortunately, advances in imaging devices
have not been followed by improvements in automated
analysis systems, necessary because of the need for time-
consuming and expensive inputs by human observers.
This analytical ‘bottleneck’ greatly limits the potentialities
of these technologies and increases demand for automatic
content analysis approaches to enable proactive provision
of analytical information.
On the other side, the study of the behaviour by pro-
cessing visual data has become an active research area in
computer vision. The visual information gathered from
image sequences is extremely useful to understand the
behaviour of the different objects in the scene, as well
as how they interact with each other or with the sur-
rounding environment. However, whilst a large number of
video analysis techniques have been developed specifically
for investigating events and behaviour in human-centred
applications, very little attention has been paid to the
understanding of other live organisms, such as animals
and insects, although a huge amount of video data are rou-
tinely recorded, e.g. the Fish4Knowledge project (www.
fish4knowledge.eu) or the wide range of nest cams (http://
watch.birds.cornell.edu/nestcams/home/index) continu-
ously monitor, respectively, underwater reef and bird
nests (there exist also variants focusing on wolves, bad-
gers, foxes etc.).
The automated analysis of visual data in real-life envi-
ronments for animal and insect behaviour understanding
poses several challenges for computer vision researchers
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because of the uncontrolled scene conditions and the
nature of the targets to be analysed whose 3D motion
tends to be erratic, with sudden direction and speed vari-
ations, and appearance and non-rigid shape can undergo
quick changes. Computer vision tools able to analyse
those complex environments are, therefore, envisaged
to support biologists in their strive towards analysing
the natural environment, promoting its preservation and
understanding the behaviour and interactions of the living
organisms (insects, animals etc.) that are part of it.
This special issue reports on themost recent approaches
and tools for the identification and recognition of ani-
mal and insect and their behaviour by processing visual
data.
– Animal identification, recognition and behaviour
understanding
In ‘An automated chimpanzee identification
system using face detection and recognition’,
Loos et al. propose a framework to recognize
chimpanzees based on their facial appearance,
where they assume that human face
recognition techniques are also applicable to
chimpanzees. They propose a framework that
performs face detection and registration using
landmarks and face identification. More
sophisticated descriptors are employed to deal
with the challenges of chimpanzees’ face poses
in the natural environment. Global and local
features improve the recognition performance
even further as shown by the results obtained
on the ChimpZoo and ChimpTai datasets.
In ‘Automated detection of elephants in
wildlife video’, Zeppelzauer et al. propose an
approach for detection and tracking of
elephants in wildlife videos. The method
dynamically learns a colour model of elephants
from a few training images and, then, localizes
elephants in video sequences with different
backgrounds and lighting conditions. The
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approach is able to detect elephants (and
groups of elephants) of different sizes and
poses performing different activities also in
cases of occlusions (e.g. by vegetation), camera
motion and lighting changes. Experiments
show that both near- and far-distant elephants
can be detected and tracked reliably.
Moreover, the method does not make any
assumptions based on the elephant species
and is thus adaptable to other animal species.
In ‘Automated identification of animal species
in camera trap images’, Yu et al. present a
method for automated animal species
identification. Their method targets the
analysis of images captured by
motion-sensitive cameras that are regularly
used in biodiversity monitoring, generating an
abundance of data. In order to identify the
species depicted in an image, the authors use
dense SIFT and cell-structured LBP (cLBP) as
local image descriptors and introduce an
improved sparse coding spatial pyramid
matching (ScSPM) approach for encoding the
multiple local features into a global image
description. The latter is used as input to a
linear support vector machine classifier. The
authors present the results of their approach
on data captured in different settings (tropical
rain forest, temperate forest and heathland)
and show that high classification accuracy can
be achieved for a variety of species.
In ‘2D and 3D analysis of animal locomotion
from bi-planar X-ray videos using augmented
active appearance models’, Haase et al. analyse
the locomotion of animals. To measure the
locomotion, a high speed X-ray dataset of 5
bird species is used which contains 172,942
ground-truth landmarks placed by human
experts. Both the normal active appearance
models (AAM) and an augmented AAM
developed by the authors are fitted to X-ray
videos to create a holistic model for all
anatomical landmarks with a probabilistic
framework. The augmented AAM
outperforms the standard model and with
calibration information can be extended to 3D
landmark positions which are more relevant
for biological evaluation.
In ‘Automated quantification of the schooling
behaviour of sticklebacks’, Ardekani et al.
describe a video analysis technique for
automatically localizing a fish in a tank in the
presence of a moving experimental apparatus
containing artificial fish. The goal of the study
is to analyse the schooling behaviour of the
living fish in the presence of movements of the
artificial fish. The task to detect the real fish is
challenging because the artificial fish looks like
the target fish, and so a feature-based
extraction method would be ineffective. Also,
the experimental apparatus is moving, which
makes the straightforward application of
traditional background-subtraction techniques
ineffective. The authors address the challenge
by developing a background model that uses
information from other non-contiguous
frames, which are selected based on their
appearance similarity with the frame of
interest. The idea of using non-contiguous
frames in the background model in this way is
interesting and unusual. The authors evaluate
their method by presenting missed and false
detections and by comparing the schooling
behaviour as identified by manual annotation
and automated annotation.
– Insect identification and behaviour
understanding
In ‘A two-fly tracker that solves occlusions by
dynamic programming: computational
analysis of Drosophila courtship behaviour’,
Schusterreiter and Grossmann show how
visual tracking technologies can support
geneticists and neuroscientists in the analysis
of the behaviour of flies, which can help them
understand the relation between genes, their
brain and their behaviour. Schusterreiter and
Grossmann focus in their work on achieving
accurate tracking of flies by solving the
occlusion problems that arise in their target
application and use the resulting fly tracker as
part of a system that analyses the video and
detects behaviour events. Their results show
that the presented system is capable of
identifying flies through a video with very high
accuracy, thus making possible its practical
use in such laboratory studies.
In ‘Detecting and tracking honeybees in 3D at
the beehive entrance using stereo vision’,
Chiron et al. describe a real-time stereo
vision-based system for monitoring flying
honeybees in three dimensions at the beehive
entrance. The proposed system detects bees at
the beehive entrance by a hybrid segmentation
approach using both intensity and depth
images. 3D multi-target tracking based on the
Kalman filter and Global Nearest Neighbour is
then performed. Tests on robust ground
truths for segmentation and tracking show
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that the proposed method outperforms
standard 2D approaches.
In ‘Comparison of two 3D tracking paradigms
for freely flying insects’, Risse et al. discuss and
compare state-of-the-art 3D tracking
paradigms for flying insects such as
Drosophila melanogaster. Probabilistic and
global correspondence selection approaches
are discussed and compared. The probabilistic
approach is based on the Kalman filter for
temporal tracking, whereas the global one is
based on a global cost function. Furthermore,
a novel greedy selection scheme is introduced
for the correspondence selection approach.
The tracking paradigms are evaluated using
synthetic data generated by a swarm simulator.
In ‘A human-computer collaborative workflow
for the acquisition and analysis of terrestrial
insect movement in behavioral field studies’,
Reda et al. addresses the problem of the
characterization and understanding of the
insect’s movements. A framework for the
acquisition, visualization and analysis of
terrestrial insect trajectories from
field-recorded videos is presented. The
workflow has three main components: a semi-
automated image processing pipeline to track
and record insect trajectories, a trajectory
visualization tool for qualitative analysis of
insect movements and the quantitative
trajectory measurements for statistical
hypothesis testing. The authors demonstrate
the effectiveness of their framework in the
context-dependent navigational strategies
employed by Kenyan seed harvester ants.
– Bioinspired approaches
In ‘Data feature selection based on Artificial
Bee Colony algorithm’, Schiezaro and Pedrini
present a bioinspired algorithm for feature
selection to address the classification problem.
The Artificial Bee Colony approach is
considered as model. The work proposes a
binary version of the Artificial Bee Colony
algorithm (ABC), where the number of new
features to be analysed in a neighbourhood of
a food source is determined through a
perturbation of the parameter of the ABC
algorithm. The feature selection method is
then assessed on datasets of the UCI Machine
Learning Repository.
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